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Table S1. Relative max germination percentage of the eight Thai rice cultivars under γ-irradiation
	Cultivar
	150 Gy
	300 Gy
	900 Gy

	466HM
	101.08 ± 0.00
	98.20 ± 2.06
	101.01 ± 0.00

	248HT
	96.43 ± 3.61
	100.00 ± 1.44
	97.96 ± 2.89

	325HR
	94.23 ± 2.73
	101.70 ± 3.17
	96.69 ± 3.91

	296KND
	108.07 ± 0.00
	105.82 ± 0.00
	99.63 ± 2.39

	900SY
	101.55 ± 0.02
	100.00 ± 0.74
	100.42 ± 4.40

	RD22
	93.94 ± 0.00
	98.48 ± 0.71
	95.96 ± 1.43

	RD61
	93.57 ± 1.65
	94.15 ± 4.14
	92.98 ± 0.83

	KDML105
	100.56 ± 5.50
	101.67 ± 3.93
	105.00 ± 7.07


Relative percentage calculated by comparing each sample mean and standard deviation to control mean. 



























Table S2. Relative shoot length of the eight Thai rice cultivars under γ-irradiation
	Cultivar
	150 Gy
	300 Gy
	900 Gy

	466HM
	81.00 ± 9.33
	65.81 ± 15.28
	25.58 ± 8.67

	248HT
	129.17 ± 10.99
	95.50 ± 1.44
	31.08 ± 5.54

	325HR
	94.77 ± 27.18
	103.33 ± 28.29
	30.73 ± 5.05

	296KND
	122.99 ± 42.00
	61.59 ± 16.54
	34.20 ± 4.41

	900SY
	63.06 ± 18.36
	67.51 ± 8.93
	19.54 ± 2.32

	RD22
	82.21 ± 21.83
	109.23 ± 14.53
	38.14 ± 5.01

	RD61
	45.15 ± 32.68
	72.73 ± 15.66
	12.75 ± 29.41

	KDML105
	79.27 ± 21.14
	78.92 ± 19.92
	53.16 ± 17.10


Relative percentage calculated by comparing each sample mean and standard deviation to control mean.



























Table S3. Relative root length of the eight Thai rice cultivars under γ-irradiation
	Cultivar
	150 Gy
	300 Gy
	900 Gy

	466HM
	93.58 ± 9.33
	78.76 ± 12.94
	5.49 ± 2.12

	248HT
	107.20 ± 26.17
	70.36 ±
	19.00 ± 1.96

	325HR
	80.94 ± 1.88
	72.68 ± 2.43
	32.42 ± 0.67

	296KND
	93.72 ± 45.14
	57.67 ± 10.66
	16.60 ± 2.49

	900SY
	61.46 ± 20.43
	54.85 ± 12.08
	10.93 ± 1.14

	RD22
	86.18 ± 30.47
	70.91 ± 6.64
	15.00 ± 2.32

	RD61
	78.12 ± 32.68
	62.32 ± 20.00
	12.75 ± 1.64

	KDML105
	84.08 ± 13.75
	77.51 ± 19.92
	9.17 ± 2.73


Relative percentage calculated by comparing each sample mean and standard deviation to control mean.



























Table S4. Radiation Tolerance Index (RTI) of the eight Thai rice cultivars under γ-irradiation
	Cultivar
	150 Gy
	300 Gy
	900 Gy
	Mean RTI

	466HM
	91.89
	80.92
	44.02
	72.28

	248HT
	110.93
	88.62
	49.35
	82.97

	325HR
	89.98
	92.57
	50.12
	77.56

	296KND
	108.26
	75.03
	50.14
	77.81

	900SY
	75.36
	74.12
	43.63
	64.37

	RD22
	87.44
	92.88
	49.70
	76.67

	RD61
	72.28
	76.40
	49.79
	66.16

	KDML105
	87.97
	86.03
	55.78
	76.59


RTI values represent the integrated mean of relative maximal germination percentage, relative shoot length, and relative root length. The 0 Gy treatment served as the non-irradiated control and was set to 100% for each cultivar. Mean RTI was calculated using only irradiated treatments, including 150, 300, and 900 Gy.


Table S5. Top upregulated and downregulated metabolites in roots identified in each comparison group (150 Gy vs. control, 300 Gy vs. control, and 900 Gy vs. control). Relative abundance is presented as the treatment/control ratio together with the adjusted p-value (adj. p-value).
	Name
	Formula
	Log2 Fold change
	Adj.p-value

	
	
	50Gy: control
	150Gy: control
	300Gy: control
	50Gy: control
	150Gy: control
	300Gy: control

	Linamarin
	C10H17NO6
	-2.64
	-9.94
	-9.27
	<0.01
	<0.01
	<0.01

	L-Alanyl-L-proline
	C8H14N2O3
	-0.1
	-4.58
	-6.55
	0.13
	0.01
	<0.01

	L-Pyrrolysine
	C12H21N3O3
	-0.16
	-3.79
	-6.29
	0.05
	<0.01
	<0.01

	2-oxosuberate
	C8H12O5
	-0.8
	-8.57
	-6.12
	0.02
	<0.01
	<0.01

	N2-Succinyl-L-arginine
	C10H18N4O5
	-0.4
	-5.5
	-5.34
	0.01
	<0.01
	<0.01

	Phenol
	C6H6O
	-6.42
	-8
	-1.81
	<0.01
	<0.01
	0.03

	Amygdalin
	C20H27NO11
	-6.71
	-9.99
	-1.78
	<0.01
	<0.01
	<0.01

	Pyridoxamine
	C8H12N2O2
	-4.07
	1.35
	-1.38
	0.18
	0.06
	0.03

	2,7-Anhydro-alpha-N-acetylneuraminicacid
	C11H17NO8
	-3.81
	-4.81
	-1.26
	0.04
	<0.01
	0.03

	Agmatine
	C5H14N4
	-1.07
	-9.2
	-0.94
	<0.01
	0.01
	<0.01

	4-Guanidinobutanal
	C5H11N3O
	-0.16
	10.57
	-0.34
	0.51
	0.04
	0.93

	1-Palmitoylglycerophosphocholine
	C24H50NO7P
	-0.57
	12.21
	-0.14
	0.01
	<0.01
	0.04

	Bis(2-ethylhexyl)phthalate
	C24H38O4
	2.47
	-1.04
	-0.01
	0.12
	0.21
	0.52

	Citrulline
	C6H13N3O3
	-0.09
	12.39
	-0.01
	0.03
	<0.01
	0.29

	N3,N4-Dimethyl-L-arginine
	C8H18N4O2
	-0.58
	-11.31
	0.01
	0.02
	<0.01
	0.69

	2-Amino-1,3,4-octadecanetriol
	C18H39NO3
	3.83
	-0.43
	0.24
	0.17
	0.09
	0.16

	N-Acetyl-D-glucosaminate
	C8H15NO7
	-1.49
	11.4
	0.27
	0.35
	0.01
	0.80

	Homoarginine
	C7H16N4O2
	-0.04
	-9.82
	0.33
	0.40
	<0.01
	0.11

	Coformycin
	C11H16N4O5
	-4.87
	-8.85
	0.89
	0.15
	0.01
	0.74

	Pantothenol
	C9H19NO4
	-0.09
	11.65
	1.16
	0.91
	<0.01
	0.26

	Dihydrophaseicacid
	C15H22O5
	5.92
	3.05
	2.23
	0.02
	0.13
	0.20

	Guaiazulene
	C15H18
	6.14
	2.52
	2.3
	<0.01
	0.02
	0.02

	L-Saccharopine
	C11H20N2O6
	-1.02
	-3.77
	2.85
	0.56
	0.02
	0.02

	Coniferylaldehyde
	C10H10O3
	1.54
	-0.21
	2.94
	0.29
	0.57
	0.07

	Nicotinamide mononucleotide
	C11H15N2O8P
	1.34
	0.41
	3.11
	0.01
	0.01
	<0.01

	Indole-3-pyruvicacid
	C11H9NO3
	0.15
	-0.53
	3.68
	0.81
	0.75
	0.01

	2-(Hydroxymethyl)-3-(acetamidomethylene)succinate
	C8H11NO6
	-0.36
	0.01
	8.57
	0.90
	0.75
	<0.01









Table S6. Top upregulated and downregulated metabolites in stems identified in each comparison group (150 Gy vs. control, 300 Gy vs. control, and 900 Gy vs. control). Relative abundance is presented as the treatment/control ratio together with the adjusted p-value (adj. p-value).
	Name
	Formula
	Log2 Fold change
	Adj.p-value

	
	
	50Gy: control
	150Gy: control
	300Gy: control
	50Gy: control
	150Gy: control
	300Gy: control

	4-Guanidinobutanal
	C5H11N3O
	-1.31
	-0.3
	-7.51
	0.62
	0.46
	0.36

	Methylimidazoleaceticacid
	C6H8N2O2
	-2.94
	-5.75
	-5.73
	0.28
	0.08
	0.04

	Nicotinuricacid
	C8H8N2O3
	-1.51
	7.79
	-4.17
	0.98
	0.03
	0.51

	Thiomorpholine3-carboxylate
	C5H9NO2S
	-4.14
	-7.18
	-3.67
	0.70
	0.28
	0.29

	6-Methylnicotinamide
	C8H10N2O
	0.3
	-3.68
	-3.55
	0.42
	0.24
	0.31

	Coformycin
	C11H16N4O5
	-5.11
	-0.53
	-2.55
	0.07
	0.63
	0.07

	5-Hydroxykynurenamine
	C9H12N2O2
	-1.55
	9.09
	-1.21
	0.36
	0.20
	0.37

	Argininosuccinic acid
	C10H18N4O6
	-0.18
	-8
	-0.8
	0.47
	0.10
	0.62

	N-alpha-Acetylarginine
	C8H16N4O3
	-1.24
	-7.9
	-0.65
	0.68
	0.16
	0.59

	Orthophosphate
	H3O4P
	-3.66
	-1.32
	-0.57
	0.47
	0.28
	0.49

	2-(Hydroxymethyl)-3-(acetamidomethylene)succinate
	C8H11NO6
	-0.24
	-8.2
	-0.29
	0.50
	0.08
	0.36

	Acetonecyanohydrin
	C4H7NO
	-4.64
	-6.87
	-0.26
	0.26
	0.31
	0.57

	Acetyl-arginine
	C8H16N4O3
	-0.43
	10.87
	-0.21
	0.45
	0.16
	0.40

	Citrulline
	C6H13N3O3
	-0.43
	10.91
	-0.21
	0.40
	0.16
	0.40

	L-Glutamyl-L-glutamic acid
	C10H16N2O7
	-0.72
	-7.61
	0.03
	0.61
	0.16
	0.43

	4-Methylene-L-glutamine
	C6H10N2O3
	0.62
	8.53
	0.85
	0.52
	0.19
	0.66

	Cnidioside A
	C17H20O9
	5.02
	4.08
	2.32
	0.01
	0.29
	0.05

	Indole
	C8H7N
	4.97
	3.84
	4.21
	0.01
	0.02
	0.01

	alpha-Ribazole
	C14H18N2O4
	8.14
	1.08
	4.92
	0.02
	0.69
	0.03

	N-Ribosylnicotinamide
	C11H14N2O5
	6.79
	2.9
	4.97
	<0.01
	0.01
	0.02

	Isoprene
	C5H8
	2.47
	5.82
	5.71
	0.11
	0.01
	0.00

	3'-Angeloyloxy-4',6'-dihydroxy-2',5'-dimethoxychalcone
	C22H22O7
	-0.43
	6.03
	6.2
	0.03
	<0.01
	<0.01

	2',3'-CyclicUMP
	C9H11N2O8P
	-0.48
	6.11
	6.51
	0.10
	0.00
	0.19

	1-Palmitoylglycerophosphocholine
	C24H50NO7P
	12.62
	13.15
	13.23
	0.07
	0.12
	0.07






Table S7. Quantification of GA₃ and ABA in 248HT seedling shoots and roots.

	Phytohormone
	Control
	50 Gy
	150 Gy
	300 Gy

	Gibberellic acid 
	
	
	
	

	Shoot
	113.90 ± 8.08
	109.39 ± 8.52
	83.55 ± 4.22
	45.71 ± 4.27

	Root
	185.79 ± 3.05
	167.82 ± 5.61
	148.98 ± 4.88
	102.31 ± 6.56

	Abscisic acid
	
	
	
	

	Shoot
	9.90 ± 1.89
	10.88 ± 4.92
	12.81 ± 4.41
	21.93 ± 8.29

	Root
	24.64 ± 0.61
	37.75 ± 1.03
	58.92 ± 1.06
	67.89 ± 1.71
































Table S8. Quantitative anatomical parameters of 248HT seedlings under control and 300 Gy gamma irradiation.
	No.
	Description or character state
	x̄ ± SD (min–max)
	p-value

	
	
	Control
	300 Gy
	

	I. Shoot

	1
	Shoot width (µm)
	962.70 ± 46.80
(911.05–1015.31)
	1,092.80 ± 25.05 (1,074.85–1,136.79)
	0.01219

	2
	Coleoptile width (µm)
	195.38 ± 15.98
(178.24–218.92)
	201.08 ± 27.93
(179.38–249.07)
	0.7027*

	3
	Coleoptile abaxial epidermal width (µm)
	10.32±1.9
(8.4–12.66)
	12.35±1.2
(10.23–13.1)
	0.07701*

	4
	Coleoptile adaxial epidermal width (µm)
	5.38±1.36
(3.5–6.63)
	4.2±0.74
(3.03–5.01)
	0.1275*

	5
	Coleoptile vascular bundle width (µm)
	59.26 ± 6.16
(52.38–67)
	64.61±0.88
(63.33–65.58)
	0.2101*

	6
	Coleoptile vascular bundle area (µm2)
	4,050.40 ± 1,106.93 (2,976.17–5,374.43)
	5,088.62 ± 2,57.92 (4,780.39–5,400.45)
	0.2963*

	
II. Root
	

	7
	Total root area (µm2)
	320,868.43±11,652.71
(308,791.61–334,942.8)
	261,037.12±32,578
(226,981.14–300,838.97)
	0.005075*

	8
	Root width (µm)
	644.19±9.6
(635.26–659.24)
	579.06±36.23
(539.11–623.15)
	0.005075*

	9
	1st epidermal cell width (µm)
	15.11±1.62
(13.08–18)
	14.06±1.18
(12.71–15.57)
	0.2289

	10
	2nd epidermal cell width (µm)
	10.3±1.68
(7.89–12.29)
	11.21±1.32
(9.74–13.35)
	0.3195

	11
	Epidermal layer width (µm)
	24.69±3.43
(18.56–28.73)
	24.88±1.93
(22.56–27.27)
	0.9077

	12
	Exodermis layer width (µm)
	12.37±1.42
(10.39–14.05)
	12.28±1.23
(10.77–14.1)
	0.9048

	13
	Cortex layer width (µm)
	191.76±4.5
(184.51–197.28)
	166.5±11.45
(149.42–179.38)
	0.0005146*

	14
	Endodermis layer width (µm)
	9.55±1.44
(8.21–12.38)
	7.15±1.13
(5.52–8.53)
	0.008239*

	15
	Vascular bundle width (µm)
	172.88±5.57
(164.91–178.56)
	147.38±14.35
(132.15–162.47)
	0.002288*

	16
	Vascular bundle area (µm2)
	23,359.95±1171.82
(22,017.7–24637.62)
	17,441.76±3,466.44
(13,603.21–20,680.33)
	0.005075*

	17
	Metaxylem width (µm)
	33.56±1.64
(30.74–35.47)
	32.48±0.56
(31.88–33.35)
	0.1282

	18
	Total xylem area (µm2)
	1,577.66±167.83
(1,358.27–1,771.48)
	1,378.1±61.09
(1,297.77–1,454.62)
	0.06555


* Indicates a significant difference from the control (p< 0.05).






